INTRODUCTION
============

Hemophilia A and B are X-linked recessive bleeding disorders deficient coagulation factor VIII (FVIII) and IX (FIX), respectively. Mutations in *F8* and *F9* gene are the genetic basis of hemophilia A and B. Affected males suffer from prolonged oozing after injuries or surgery and joint bleeding. The age at diagnosis and the severity of bleeding are closely related to the level of the residual coagulation factor activity \[[@B1], [@B2]\]. The diagnosis of hemophilia A and B is suspected based on the personal and family history of bleeding episodes and abnormal coagulation tests, which include prolonged activated partial thromboplastin time (aPTT) corrected on mixing test with normal plasma and decreased FVIII or FIX activity. Molecular genetic tests confirm the diagnosis in most patients with hemophilia A and B by identifying disease-causing mutations in *F8* and *F9*, respectively \[[@B1], [@B2]\]. When a variation is detected, it is critical to gather further information and evidence to label it as a known or novel disease-causing mutation rather than a polymorphism. To date, 105 and 29 coding sequence variants of *F8* and *F9*, respectively, are enlisted in the National Center for Biotechnology Information (NIH) single nucleotide polymorphism database (dbSNP) (last accessed March 20, 2013) \[[@B3]\]. Since the frequency and distribution of sequence variants vary across different populations, particularly in *F8* \[[@B4]\], sequence variation data should be obtained from a panel of DNA samples of a control population from a given ethnic origin. In particular, variation data from control samples from functionally validated individuals are critical for reference in molecular diagnostics. In this study, we aimed to obtain sequence variation data of *F8* and *F9* in a set of control chromosomes from individuals of Korean descent and establish a set of sequence variation data to serve as a reference for the molecular diagnosis of hemophilia in Korean patients.

MATERIALS AND METHODS
=====================

Re-sequencing of *F8* and *F9* genes
------------------------------------

The DNA samples were obtained from 100 male control individuals of Korean descent (total, 100 X chromosomes). They had normal prothrombin time (PT), aPTT, FVIII activity (%), and liver function tests. Since FVIII is an acute-phase reactant, we confirmed that the study subjects had a normal level of C-reactive protein. Genomic DNA was isolated from the peripheral blood leukocytes of study subjects using the Wizard Genomic DNA Purification Kit, according to the manufacturer\'s instructions (Promega, Madison, WI, USA). All exons and their flanking intronic sequences of *F8* and *F9* were amplified by PCR using the primer pairs designed by the authors (available on request) on a thermal cycler (Model 9700; Applied Biosystems, Foster City, California, USA). Direct sequencing was performed using the same primer sets using the BigDye Terminator Cycle Sequencing Ready Reaction kit (Applied Biosystems, Rotkreuz, Switzerland) on the ABI Prism 3130 Genetic Analyzer (Applied Biosystems). To identify sequence variations, the patient\'s sequences were compared with the reference sequence (GenBank accession number NM_000132.3 for *F8*; NM_000133.3 for *F9*) using the DNA sequence assembly software, Sequencher 4.10.1 (Gene Codes Corporation, Ann Arbor, Michigan, USA). Any variations detected were described according to the guidelines by the Human Genome Variation Society (HGVS; <http://www.hgvs.org/>). For each cDNA sequence, +1 signified the first base (A of ATG) for translational initiation, while at the protein level, +1 signified the first methionine, as indicated by the HGVS guideline. The conventional numbering system based on the mature protein (the first methionine numbered as -19) was given in parentheses or brackets. We referred to the dbSNP, the Human Gene Mutation Database (HGMD; <http://www.hgmd.cf.ac.uk/ac/>), the Haemophilia A Mutation, Structure, Test and Resource Site (HAMSTeRS), 1000 Genomes (<http://www.1000genomes.org/>), the Exome Variant Server (<http://evs.gs.washington.edu/EVS/>), as well as published re-sequencing studies on a panel of non-hemophiliac individuals from several population groups to decide whether an identified missense variation was previously reported or novel \[[@B4], [@B5]\]. For a novel amino acid-changing variation, cross-species amino acid alignment was performed using ClustalW2 (<http://www.ebi.ac.uk/Tools/msa/clustalw2/>). Bioinformatics analyses were performed to predict the effect of the amino acid substitution by using SIFT (<http://sift.jcvi.org/>) and PolyPhen-2 (<http://genetics.bwh.harvard.edu/pph2/>). This study was approved by the institutional review board.

Statistical analyses
--------------------

The frequency of coding sequence variations were described using the observed frequency and standard error. The comparison of FVIII activities between 2 groups with and without a variation of interest was performed by Mann-Whitney test. A P value less than 0.05 was considered statistically significant. All statistical analyses were performed using MedCalc statistical software, Version 11.5.1 (MedCalc Software, Mariakerke, Belgium).

RESULTS
=======

Thirteen individuals (13%) were shown to be hemizygous for a sequence variation in the coding sequence of *F8* ([Table 1](#T1){ref-type="table"}). Six individuals (6%) had c.3780C\>G (p.Asp1260Glu) \[p.Asp1241Glu\] and five individuals (5%) had c.3864A\>C (p.Ser1288=) \[p.Ser1269=\]. One each individual had c.4794 G\>T (p.Glu1598Asp) \[p.Glu1579Asp\] and c.5069A\>G (p.Glu1690Gly) \[p.Glu1671Gly\] ([Table 1](#T1){ref-type="table"}). According to the 1000 Genomes database, c.3780C\>G (Asp1260Glu) and c.3864A\>C (Ser1288=) were known common SNPs (rs1800291 and rs1800292, respectively) with minor allele frequencies (MAF) of 24.6% and 10.5%, respectively. Since Asp1260Glu was previously described to be associated with the FVIII activity \[[@B4], [@B6], [@B7]\], we compared the FVIII activities of individuals carrying Asp1260Glu to those individuals without Asp1260Glu. The results showed that there was no significant difference in FVIII activities between the 2 groups by a univariate analysis (104% vs. 110% in individuals with Asp1260Glu and without Asp1260Glu, respectively, *P*=0.7883, [Fig. 1](#F1){ref-type="fig"}). We also found no significant difference in FVIII activities between the carriers of Asp1260Glu and individuals without any variants (104% vs. 95%, *P*=0.8328). Glu1598Asp (Glu1579Asp) was enlisted in both HGMD and HAMSTeRS as a disease-causing mutation in a patient with severe hemophilia A, but not in dbSNP \[[@B8]\]. Glu1690Gly (Glu1671Gly) was a novel missense variation enlisted neither in public database nor in the literature \[[@B4], [@B5]\]. Comparative genomic analyses demonstrated neither Glu1598 nor Glu1690 residues were conserved among mammalian and non-mammalian species ([Fig. 2](#F2){ref-type="fig"}). Functional predictions using SIFT and PolyPhen-2 demonstrated that Glu1598Asp was predicted to be tolerated and benign. Glu1690Gly was predicted to be tolerated by SIFT, but to be probably damaging by PolyPhen-2. Based on the normal FVIII activities in the control individuals carrying these variations (109% in individuals carrying Glu1598Asp and 148% in individuals carrying Glu1690Gly), both were considered to be rare SNPs rather than a causative mutation of hemophilia A. No sequence variation was observed in the *F9* gene in the 100 control chromosomes.

DISCUSSION
==========

Historically, linkage analysis was used to determine the mutation status in individuals with hemophilia \[[@B9]-[@B11]\]. In recent years, direct mutation detection techniques such as direct sequencing analysis, targeted mutation analysis (intron 22 and intron 1 inversion mutations of *F8*), and deletion/duplication analysis have replaced linkage analysis, and these direct techniques have detected disease-causing mutations in \>95% of patients with hemophilia \[[@B12]-[@B16]\]. Given the scarcity of mutation hotspots within these genes and the large size of *F8*, a significant proportion of the hemophilia mutations in recent reports are still novel, and it is critical to determine whether the novel variation is a disease causing mutation or polymorphism. In particular, when the variation is neither apparently deleterious nor silent but is predicted to change the amino acid, deciding whether the variation is a disease-causing mutation or a polymorphism becomes highly challenging. For these reasons, variation dataset from functionally validated (factor levels within reference ranges) control samples are crucial for molecular diagnosis of hemophilia. In particular, male control samples from ethnic origin of interest are relevant to hemophilia diagnostics because carrier females of hemophilia A/B may have a normal factor level and the SNP frequencies throughout the entire *F8* gene differ widely across different ethnic groups \[[@B4], [@B17]\]. According to the validation of mutations approved by the Human Genome Organization (HUGO) Mutation Database Initiative/Human Genome Variation Society (HGVS), the determination of disease-causativeness needs to be supported by observation of 0% frequency of the variation in 100 normal chromosomes.

In the present study, we obtained a set of variation data for the *F8* gene in 100 control male individuals (100 X chromosomes) of Korean descent with normal FVIII activities. A significant proportion (13%; 13/100) of the control chromosomes carried sequence variations in *F8*. Asp1260Glu (Asp1241Glu) and Ser1288= (Ser1269=) are common SNPs previously enlisted in the dbSNP (rs1800291 and rs1800292, respectively). The frequencies of both Asp1260Glu and Ser1288= in Korean were lower than the minor allele frequencies in the dbSNP (6% vs. 24.5%, 5% vs. 10.5%, respectively). c.3780C\>G (p.Asp1260Glu) demonstrated a large difference in the frequency of the variant G allele. The frequency of the variant G allele was reported at 3.4% in Japanese, 7.8% in Han Chinese, 15.3% in European, and 69.2% in Sub-Saharan African individuals \[[@B3]\]. Thus, the frequency of c.3780C\>G (Asp1260Glu) in Korean control individuals (6%) was between those reported for Japanese and Han Chinese individuals. c.3864A\>C (p.Ser1288=) is a common SNP across population and the frequency of the variant C allele in this study was 5%, which fell between those reported for Japanese (2.2%) and Han Chinese (7.8%) individuals \[[@B3]\]. The frequency of the variant allele in the Korean individuals was similar to that of sub-Saharan African individuals (5.8%) and lower than that of European individuals (8.3%). The aspartate residue at 1260 is located in the B domain of the FVIII protein, and Asp1260Glu was reported to be associated with decreased FVIII activity (by .10%) \[[@B4], [@B6], [@B7]\]. However, the difference of FVIII activities was not significant between individuals with or without Asp1260Glu in our study, possibly due to the limited number of samples or other factors such as age, ABO blood type, smoking, and plasma level of the von Willebrand factor \[[@B4]\]. Glu1598Asp (Glu1579Asp) was registered in LSDB (HAMSTeRS) and HGMD as a disease-causing mutation in a patient with severe hemophilia A, but was not registered in dbSNP and other polymorphism databases \[[@B8]\]. However, our data indicate that Glu1598Asp is a rare SNP rather than a mutation associated with hemophilia A because it was found in our control chromosomes. Glu1690Gly (Glu1671Gly) was a novel amino acid-changing variation and was found in 1%(1/100) of control chromosomes. Based on the normal FVIII activity in control individual carrying this variation (148%), it was considered a rare SNP, also. Unlike *F8*, no variation was observed in coding sequences of *F9* in all 100 of the control chromosomes. Although our control sample set was not tested for FIX activity, the result implicates that *F9* is less polymorphic in Korean descendants compared to *F8*. So, when a novel amino acid-changing variation is found in the *F9* gene in a patient suspected to have hemophilia B, one should search for other evidence to prove disease causativeness of the variation.

The results obtained in this study can be used as a reference dataset for molecular diagnosis of hemophilia A and B in Korea. In addition, the data we obtained revealed rare SNPs, including one enlisted as a missense mutation causing hemophilia A. The data presented here indicate that interpretation of sequencing data using public databases to diagnose hemophilia A and B should be approached cautiously. It should also be noted that the number of chromosomes (100) used in this study has a limitation in identifying other rare SNPs, especially those with a minor allele frequency \<1% \[[@B18]\].
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Four sequence variations of the *F8* gene observed in functionally validated male control individuals of Korean descent.
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^a)^Reference interval of FVIII activity: 55.150% for blood type O, 77.205% for blood type non-O.

Abbreviations: MAF, minor allele frequency; NA, not applicable; FVIII, coagulation factor VIII; SD, standard deviation.

[^1]: ^\#^Current affiliation: Department of Laboratory Medicine, Gachon University Gil Medical Center, Incheon, Korea.
